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c-fos Gene Expression in Postnatal Rat Retinas with Light/Dark
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We examined the diurnal variation of c-~os gene expression during a 12:12 light/dark cycle in
developing rat retinas by in situ hybridization histochemistry. c-jbs Gene was not expressed before
postnatal day 10 (P1O)but was expressed on P15 in the outer nuclear layer throughout the dark
period and in the inner nuclear layer and the ganglion cell layer during the light period. These
results demonstrated that the earliest C-$OSgene expression occurred between Pll and P15. The
good correlation between the expression of c-jbs gene and the genes coding for proteins involved in
phototransduction, in terms of their diurnal variation and in their development suggested that c-
fos gene may play a role in the regulation of these genes in retinal cells during the Iightidark cycle.
Copyright G 1996 Elsevier Science Ltd.
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INTRODUCTION
Environmentalsignalsof light and darknessare not only
carried from retina to brain but also involved in the
transcriptionalregulationof the retinal cell. For example,
the levels of mRNA coding for proteins which are
involved in phototransduction in photoreceptor cells,
such as opsin, transducingand the 48 kDa protein, reflect
the light/darkcycle: high during the night and low during
the day (Bowes et al., 1988; Brann & Cohen, 1987;
Korenbrot& Fernald, 1989).A molecularcorrelateof the
mechanism that links the light/dark cycle to the
transcriptional regulation of the genes encoding these
proteins has yet to be determined. We have recently
suggestedthe involvementof proto-oncogenec-~osin the
regulation of transcription during the light/dark Cyclein
retinalcells (Yoshidaet al., 1993, 1995a,b). In rat retinal
cells, cjos mRNA was transientlyexpressed in the inner
nuclear layer (INL) and ganglion cell layer (GCL) after
the onset of the light period, and expressed in the outer
nuclear layer (ONL) continuously throughout the dark
period under a light/dark(12/12 hr) cycle (Yoshidaet al.,
1993). The good correlation in the diurnal changes of
mRNA level between c-@ in the ONL and the genes
codingfor the phototransductionproteinssuggeststhat c-
~osmay play a role in the transcriptionalregulationof the
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genesencodingtheseproteinsduring the light/darkcycle.
Thus,we expectedthat the control of the diurnalvariation
of c-fos gene expressionin the developingretina induced
the beginning of the cyclic change in the level of the
genes encoding these proteins, and we examined the
expression of c-fos mRNA in the developing rat retina




Experiments were carried out on rats (Wistar King
Aptakeman/HKM) at postnatal ages P5, P1O, P15 and
adult (aroundP1OO).The day of birth was recorded as PO.
Rats were housed in a room with controlled temperature
and fixed lighting schedule (lights on from 08:00 to
20:00). After weaning the rats were fed ad libitum and
had free access to tap water. The light intensityinside the
cages during the light period was approximately500 IUX.
Because our previous paper described c-fos induction
peaked at 08:30 in the INL and at 02:30 in the ONL
(Yoshida et al., 1993), rats were sacrificed either during
the dark period (02:30) or 30 min after the beginning of
the lightperiod(08:30).Four differentanimalswere used
in each experiment.
Tissue preparation
Rats were anesthetizedwith diethyletherand perfused
transcardially with 10 ml of 4Y0paraformaldehyde in
0.1 M phosphate buffer containing 0.5% picric acid at




FIGURE2. In situ hybridizationanalysesof c-fiosgene expressionin the rat retina duringdark period(02:30).c-fos mRNAwas
not expressed on postnatal day 10 (P1O)(A), but was expressed diffusely in the outer n~clear-layerof P15(B)-and adults (C).
g) ganglioncell laYer;i, inner nuclear layer; O,outernuclearlayer.Bar=50 pm.
was accomplishedin completedarkness,and the rat head
was enclosed in a black bag thatwas imperviousto light.)
The eyes were removed, opened by a cut in the sagittal
plane, and post-fixed overnight in the same fixative
containing20’%0sucroseat 4°C.They were cut into 10 pm
thick frozen sections on a cryostat and were mounted
onto gelatin and poly-L-lysine-coatedslides.
In situ hybridization
Zn situ hybridization was carried out as described by
Simmonset al. (1989).Briefly,sectionswere dried under
vacuum and digested by proteinase K (10 pg/ml) for 5
min and acetylatedwith 0.25!Z0acetic anhydridein 0.1 M
triethanolamine. The sections were dehydrated in an
ascendingethanolseries and air-dried.The probe (3x 106
dpm/ml) was dissolved in a buffer containing 50%
formamide, 10% dextran, 1 x Denhart’s solution,12 mM
EDTA (pH 8.0), 10 mM Tris/HCl (pH 8.0), 30 PM NaCl,
0.5 m~ml yeast tRNA, and 10 mM dithiothreitol(DTT);
100 ,u1of probe solutionwas applied to each slide. Slides
were cover-slipped and incubated at 55°C overnight.
Coverslipswere then removed and the slideswere rinsed
in 4 x SSC, digestedwith RNase A (20 @/ml)for 30 min
at 37°C, and rinsed sequentially in 2 x SSC, 1 x SSC,
0.5 x SSC, then for 30 min in 0.1 x SSC at 55°C, before
finally being dehydrated again. The sections were
exposed to X-ray film (Kodak) for 1 day, then dipped
in NTB2 nuclear emulsion (1:1 with water, Kodak), and
exposed for 3 weeks before being developed. Counter-
staining of cells was done with 0.001% bisbenzimide.
Radioactive cRNA copies were synthesized using T7
polymerase and full-length rat c-@s cDNA (nucleotide
No. 142-1211) (Curran et al., 1987) inserted in pBlue
KS+ plasmid (gift from Dr. I. Verma) with [c+35S]UTP
(Yoshida et al., 1993).The specificactivity of the probe
was approximately1.0 x 108dpm/mg. The specificityof
this probe has been previouslydemonstrated(Yoshida et
al., 1995a, b). As a control for nonspecific labeling, a
sense-orientatedprobe generated by T3 polymerasewas
applied to adjacent sections.
RESULTS
The expressionof c-~osmRNAwas not found in the P5
(data not shown)and the P1O[Fig. l(A)] rat retinas taken
30 min after the onset of the light period (08:30).On P15
[Fig. l(B)], c-~osmRNA was expressed in the INL and
GCL during this time period. Similar but more conspic-
uous expressionwas noted in adult retinas [Fig. l(C)].
The usual expressionof c-~osmRNA at the end of the
dark period (02:30) in adults (Yoshida et al., 1993)was
not found in the P5 (data not shown) and the P1O[Fig.
2(A)] rat retinas. From P15 [Fig. 2(B)] onward to adults
[Fig. 2(C)], the c-~osmRNA was expressed diffusely in
the ONL.
The c-~o,smRNA induction in these analyses had no
significantdifferencebetween the posterior pole and the
peripheral retina, We have shown the results of the
midperipheralretina in the figure.
DISCUSSION
In this study, we have demonstrated that the diurnal
variation of c-~osexpression in rat retinal cells was not
detectedbefore P1Obut was observedon P15 rat retinas,
suggesting that the beginning of this diurnal variation
was between Pll and P15.
c-~osgene transcriptionhas been shown to be induced
by the cell depolarization in hippocampal neurons
(Dragunow& Robertson,1987)and PC12 cells (Morgan
& Curran, 1986). This relationship between depolariza-
tion and transcriptioncan then account for our observa-
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tion of c-jlmexpression in the ONL during darkness, as
the photoreceptor cells in the ONL are partially
depolarized in the dark (Tomita et al., 1967; Hagins et
al., 1970). c-~osExpression in the INL and GCL during
the light period can be accounted for by the depolariza-
tion of rod bipolarcells (mostof the cells in the outerhalf
of the INL) and of ON center cells in the GCL with
illumination(Ehinger & Dowling, 1987;Griferath et al.,
1990;WXle et al., 1990).The beginningof depolariza-
tion in each retinal cell during the developmentalperiod,
which responds to light/dark change, is unbown.
However, a previous study showed that the first
electroretinogram (ERG) in rats was recorded on P12
rat retinas and the ERGs were adult-like on P14
(Weidman & Kuwabara, 1968). A more recent electro-
physiologicalstudy reported that the rat retinal ganglion
cells first respond to light stimulation by Pll (Rolig &
Grantyn, 1993).In view of the present results,we suggest
that the beginningof c-jos gene expressionin developing
retinal cells was induced by the occurrence of electro-
physiologicalneural activity with the light/darkchange.
Fos protein produced by c-@ gene is a transcription
factor which regulatesthe expressionof the late response
genes containing AP-1 binding site in their regulatory
regions(Sheng & Greenberg, 1990),and it appearslikely
that c-fbs gene participates as a third messenger in
controlling the transcription of a set of genes in retinal
cells. It was reported that the level of mRNA coding for
proteins which are involved in phototransduction in
photoreceptor cells, such as opsin (Bowes et al., 1988)
and transducing(a and b subunits) (Bowes et al., 1988;
Brann & Cohen, 1987), increased during the night and
decreased during the day, and this diurnal change was
synchronous with the cyclic change of the c-fos gene
level in the ONL (Yoshida et al., 1993). The diurnal
variation of the expression of mRNA coding these
proteins was first recorded on P13 in the mouse retina
(Boweset al., 1988),and our resultsrevealed that the age
of onset of the diurnal change in c-fos gene expression
was similar to that of the diurnal variation of the
expressionof mRNA coding theseproteins.In addition,a
recent study reported that the bovine transducingene has
an AP-1 binding site in its S’-untranslatedleader segment
(Tao et al., 1993).Taken together, it is possiblethat c-fos
gene plays a role in the regulation of the synthesis of
these proteins in retinal cells during the light/darkcycle.
It has been reported that the Fos protein induces
transcriptionof the genes encoding enkephalin (Sonnen-
berg et al., 1989) and dynorphin (Naranjo et al., 1991).
Similarly, genes encoding neurotransmitter synthetic
enzymes, synaptic vesicle proteins, and metabolic
enzymes, may require similar regulation in the cells in
the GCL.
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